Road traffic has severe effects on animals, especially when road-kills are involved. In many countries, official road-kill data are provided by hunters or police; there are also road-kill observations reported by citizen scientists. The aim of the current study was to test whether road-kill reports by hunters stem from similar landscapes than those reported by citizen scientists. We analysed the surrounding landscapes of 712 road-kill reportings of European hares in the province of Lower Austria. Our data showed that road-killed hares reported both by hunters and citizens are predominantly surrounded by arable land. No difference of hedges and solitary trees could be found between the two datasets. However, significant differences in landcover classes and surrounding road networks indicate that hunters' and citizen scientists' data are different. Hunters reported hares from landscapes with significantly higher percentages of arable land, and greater lengths of secondary roads. In contrast, citizens reported hares from landscapes with significantly higher percentages of urban or industrial areas and greater lengths of motorways, primary roads, and residential roads. From this we argue that hunters tend to report data mainly from their hunting areas, whereas citizens report data during their daily routine on the way to/from work. We conclude that a citizen science approach is an important source for road-kill data when used in addition to official data with the aim of obtaining an overview of road-kill events on a landscape scale.
Introduction
Roads are omnipresent in populated regions and are an integral part of our environment that cannot be ignored when studying animals in cultural landscapes. Thus, the field of road ecology is an emerging sub-discipline within ecology [1, 2] . Roads can have large and diverse effects on many animal species [3] . Although positive effects like attraction through resources and use as habitat and/or corridors for movement exist, the negative effects predominate [4] . One of the most direct negative effects of roads on animals is road-kill, along with habitat loss through roads, habitat degradation through noise, light, water, and air pollution, or movement barriers such as fences or high traffic intensities [2, 5] . The frequency of road-kills is influenced by factors such as
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Hunter and Citizen Science Datasets
With regard to surrounding landscape, we compared data from our citizen science project with data from a comprehensive long-term cooperation project between the hunting association and the federal government of Lower Austria [15] . Hunters in this project are monitoring the roads in their hunting district regularly for road-killed game animals.
In 2013, we established a nationwide citizen science road-kill reporting system by first testing the general approach of collecting data of road-killed animals between March and June 2013 with 150 undergrad students at the University of Natural Resources and Life Sciences, Vienna [16] . Students collected data during their daily routine via EpiCollect [17] and an additional online reporting form using the university's e-learning platform based on Moodle. EpiCollect for Android and iOS allows multiple data records to be entered and stored on a mobile phone (text variables, GPS position, photo, etc.) and to be sent to a central web database. For more details on the project with the undergrad students, see [16] . In 2014, we opened the project to the public and started a media campaign to promote the project. Between January and December 2014, data collection was carried out using an online reporting form based on Wordpress [18] . In both years, the reporting form for data collection included fields such as GPS position, photo upload, species identification, and number of individuals.
We verified the plausibility of reported road-kill data by including pictures, species description, and coordinates of the found animal. Inaccurate or untrusted data were corrected or immediately removed.
Study Area
After merging these two datasets, we selected the pilot area of Lower Austria due to the relatively high density of reported road-killed hares in this area (Figure 1 ). Lower Austria is a province in northeastern Austria, with an area of 19,186.27 km 2 (47 • 25 to 49 • 1 N; 14 • 27 to 17 • 4 W). Lower Austria consists of three different climate regions, Pannonian in the east, Alpine in the southwest, and Continental in the northwest. In the southern mountainous parts of the country and in the northwest, mixed forests are dominant. In the agricultural low-lying areas, oak-hornbeam forests are present. Beech trees characterize the forest in the west of Vienna. The topography of Lower Austria is very heterogeneous, including flat lands at 130 m to alpine mountains up to 2076 m above sea level. In Lower Austria, the length of the road network is 31,108 km, consisting of 511 km of motorways and expressways, 13,598 km of secondary roads, and 17,000 km of municipal roads; thus, the road density is 1.62 km per km 2 . Population density of humans in the study area is 84 inhabitants per km 2 [19] . 
After merging these two datasets, we selected the pilot area of Lower Austria due to the relatively high density of reported road-killed hares in this area (Figure 1 ). Lower Austria is a province in northeastern Austria, with an area of 19,186.27 km 2 (47°25′ to 49°1′N; 14°27′ to 17°4′W). Lower Austria consists of three different climate regions, Pannonian in the east, Alpine in the southwest, and Continental in the northwest. In the southern mountainous parts of the country and in the northwest, mixed forests are dominant. In the agricultural low-lying areas, oak-hornbeam forests are present. Beech trees characterize the forest in the west of Vienna. The topography of Lower Austria is very heterogeneous, including flat lands at 130 m to alpine mountains up to 2076 m above sea level. In Lower Austria, the length of the road network is 31,108 km, consisting of 511 km of motorways and expressways, 13,598 km of secondary roads, and 17,000 km of municipal roads; thus, the road density is 1.62 km per km 2 . Population density of humans in the study area is 84 inhabitants per km 2 [19] . 
Pilot Species
We selected the European hare as the pilot species for our data analysis. First, hares are well known by citizens, and can only be confused with mountain hare (Lepus timidus) or rabbit (Oryctolagus cuniculus), but these two species are relatively rare in the study area; second, official data from authorities on road-killed hares are collected mainly by hunters, but many hare road-kills are not reported by drivers due to little damage to the car; third, aside from hunting, road traffic seems to be one of the main causes of death in the hare in Austria [7, 20] ; fourth, the home range of the hare differs in regard to season and field size in agricultural areas, ranging from 12 ha to 300 ha, and hares can be seen in a wide geographic range. Hares primarily live in open fields and benefit from the great decline of forest cover caused by human populations [21] . They prefer field edges, which are suitable for cover and provide additional food [22, 23] , presumably leading to even more road-killed individuals because field edges are also often road edges; fifth, influencing factors on road-killed hares are not very well investigated in Austria or are not published in peer-reviewed journals, but in Germany and the Czech Republic, most accidents in adult hares occur in areas where the road is adjacent to fields or where roads are between fields and forest areas (Holisova and Obrtel 1986, 
We selected the European hare as the pilot species for our data analysis. First, hares are well known by citizens, and can only be confused with mountain hare (Lepus timidus) or rabbit (Oryctolagus cuniculus), but these two species are relatively rare in the study area; second, official data from authorities on road-killed hares are collected mainly by hunters, but many hare road-kills are not reported by drivers due to little damage to the car; third, aside from hunting, road traffic seems to be one of the main causes of death in the hare in Austria [7, 20] ; fourth, the home range of the hare differs in regard to season and field size in agricultural areas, ranging from 12 ha to 300 ha, and hares can be seen in a wide geographic range. Hares primarily live in open fields and benefit from the great decline of forest cover caused by human populations [21] . They prefer field edges, which are suitable for cover and provide additional food [22, 23] , presumably leading to even more road-killed individuals because field edges are also often road edges; fifth, influencing factors on road-killed hares are not very well investigated in Austria or are not published in peer-reviewed journals, but in Germany and the Czech Republic, most accidents in adult hares occur in areas where the road is adjacent to fields or where roads are between fields and forest areas (Holisova and Obrtel 1986, Reichholf 1981, cited in [24] ). Another study in Switzerland showed that hares avoid roads, so the density of roads has a negative effect on hare abundance, but the density of unpaved field tracks has a positive effect-probably due to additional food supply [25] .
Remote Sensing Data
We used only open access data to follow the idea of open science within our citizen science approach. We used orthophotos provided by basemap.at via Web Map Tile Service (WMTS) [26] , downloaded road network maps from Open Street Map (OSM) [27] , and CORINE (Coordination of Information on the Environment) land cover data from Copernicus Land cover Monitoring Services [28] .
At each reported road-kill hare location, we assessed the surrounding landscape within three different radii by recording the area of each landcover class. Sizes of the different radii are based on the varying reports of the home range size of hares and the minimum mapping unit (MMU) of CORINE land cover data: (a) r = 282 m (25 ha); (b) r = 500 m (78.5 ha); and (c) r = 1000 m (314.2 ha). CORINE land cover (CLC) is a geographic land cover/land use database for a pan-European region [29] . CLC data provides information on the biophysical characteristics of the Earth's surface based on images acquired by Earth Observation satellites with a MMU of 25 ha [29] . The CLC2012 uses a standardized European level-3 nomenclature consisting of 37 classes [30] . For reasons of clarity and comprehensibility, we used the second level of detail and here selected only classes which are present in the study area, which resulted in 11 groups (Table 1) . To improve the information of surrounding landscapes, we additionally mapped solitary trees (number), hedge lengths (meters), and forest area (square meters) based on orthophotos published under an OpenGovernmentData (OGD) license from basemap.at within the 282 m radius. Additionally, we calculated the length of the road (meters) per category in the road network based on OSM within the 282 m radius using QGIS 2.14 for Mac [31] to test if hunters and citizens report road-kills in different surrounding road networks. We used road categorizations suited to our purpose according to feature description in OpenStreetMap Wiki: Motorway, Trunk, Primary, Secondary, Tertiary, Residential, Track, and Unclassified. Unclassified roads are minor roads and often link villages and hamlets [32] . If radii of two road-kills overlapped, we double-counted the features within.
Statistical Analyses
A series of Mann-Whitney U Tests [33] was performed using the "Rcmdr" package (R Commander Version 2.2-3) [34] in the open source program "R" (R version 3.2.4) [35] to assess whether land cover, landscape structure, and road network length differ between road-kills reported by hunters or citizen scientists. Therefore, we performed a series of pairwise comparisons of hunter and citizen data (factor with two levels) on different dependent variables (e.g., landcover class, road category). We have chosen a non-parametric test because data on landcover classes, landscape structure, and road network length are often dominated by null-values or high percentages for single classes, and are therefore not normally distributed. As all tests are performed on different data sets, no multiple testing correction (such as the Bonferroni method) was applied.
Results
In total, 712 road-killed hares were reported in our study area of Lower Austria in 2013 and 2014. Hunters reported 567 (79.63%) and citizens 145 hares (20.37%; Figure 1 ).
Land Cover Classes Surrounding Road-Killed Hares
Arable land (CLC21) was the dominant land cover surrounding reported road-killed hares in both datasets ( Figure 2 and Table 2 ). Overall, road-kill reports from hunters were surrounded by significantly more Arable Land (CLC21) than reports from citizens. Whereas citizens reported hares surrounded by significantly more Urban fabric (CLC11), Industrial, Commercial, and Transport Units (CLC12), Heterogeneous Agricultural Areas (CLC24), and in very small percentages Artificial Non-Agricultural Vegetated Areas (CLC14) and Scrubs and/or Herbaceous Vegetation (CLC32) than hunters. Differences between hunter-and citizen-reported hares regarding Forests (CLC31) and Inland Waters (CLC51) were only significant in the 1000 m radius. Percentage of Forests increased from the smallest to the largest radius. There was no significant difference between reported hares of hunters and citizens regarding the land cover classes of Mines, Dumps, Construction sites (CLC13), Permanent Crops (CLC22), and Pastures (CLC23). by hunters or citizen scientists. Therefore, we performed a series of pairwise comparisons of hunter and citizen data (factor with two levels) on different dependent variables (e.g., landcover class, road category). We have chosen a non-parametric test because data on landcover classes, landscape structure, and road network length are often dominated by null-values or high percentages for single classes, and are therefore not normally distributed. As all tests are performed on different data sets, no multiple testing correction (such as the Bonferroni method) was applied.
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Arable land (CLC21) was the dominant land cover surrounding reported road-killed hares in both datasets ( Figure 2 and Table 2 ). Overall, road-kill reports from hunters were surrounded by significantly more Arable Land (CLC21) than reports from citizens. Whereas citizens reported hares surrounded by significantly more Urban fabric (CLC11), Industrial, Commercial, and Transport Units (CLC12), Heterogeneous Agricultural Areas (CLC24), and in very small percentages Artificial Non-Agricultural Vegetated Areas (CLC14) and Scrubs and/or Herbaceous Vegetation (CLC32) than hunters. Differences between hunter-and citizen-reported hares regarding Forests (CLC31) and Inland Waters (CLC51) were only significant in the 1000 m radius. Percentage of Forests increased from the smallest to the largest radius. There was no significant difference between reported hares of hunters and citizens regarding the land cover classes of Mines, Dumps, Construction sites (CLC13), Permanent Crops (CLC22), and Pastures (CLC23). Amount of structural elements (solitary trees, hedges, and forests) manually mapped within the 282 m radius showed no significant differences between hunter-and citizen-reported road-killed hares (Table 3) . 
Road Network
Overall, tracks and secondary roads dominated the surrounding landscape in the 282 m radius of reported hares by hunters, whereas tracks and primary roads were more dominant in road networks surrounding reported hares by citizens ( Figure 3 and Table 4 ). Hunters reported hares with significantly greater length of secondary roads in the road network than citizens, whereas citizens reported hares in road networks with significantly greater length of motorway, primary, residential, and unclassified roads. 
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Discussion
Road-killed hares are reported within both datasets in environments with high amounts of arable land, but with differences in the percentages of rural and artificial areas, and these differences can only be seen when analysing data from both hunters and citizens. Since hunters reported hares surrounded by significantly higher percentages of Arable Land, it fits that hares reported by hunters have greater lengths of secondary roads in the surrounding road network, which are characteristic of rural areas. However, citizens reported hares surrounded by significantly higher percentages of urban fabric or industrial areas and greater lengths of motorways, primary roads, and residential roads in the surrounding road network. From this, one can infer that hunters report data from their hunting areas, whereas citizens report data during their daily routine on the way to/from work and in their daily environment. Therefore, we conclude that data from hunters and citizen science data are complementary in our study.
Land Cover Data
Our results showed that reported hares were killed in various landscapes with high amounts of arable land, which is in accordance with others [21] , who report that the hare is a highly adaptable species that can persist in any number of habitat types. Even though arable land and habitat diversity is positively associated with hare abundance [36, 37] and hares tend to avoid the proximity of roads [25] , in our study, hares were reported in a variety of land cover classes. One possible explanation for the high percentage of arable land in the surroundings of reported road-killed hares is that while hares generally select weeds and wild grasses for forage, intensified agro-practices have reduced this food source, resulting in selection for crop species [38] .
The main aim of our study was to test whether citizen science can give the same information as reportings from hunters on road-kills over a certain geographic area. We found that the two datasets from hunters and citizen scientists showed a similar general picture with regard to the surrounding landscape. Arable land was dominant in the surrounding landscape of road-killed hares reported by hunters as well as by citizens. However, besides the dominating effect of arable land, significant differences in the percentage of different land cover classes between the two groups show that the two groups collect data in slightly different environments. Our analyses showed, that citizen scientists tended to report data of road-kills near developed areas, confirming others [9] and correlating with human population density as a key factor for spatial variation in citizen science data [39] . We conclude that this result should be considered when establishing a citizen science project with geo-referenced data or when analysing and interpreting geo-referenced citizen science data.
It also has to be noted that CORINE land cover uses a quite large MMU of 25 ha for areal phenomena data. However, since the home range of hare varies from 12-300 ha in different studies, hares can travel a long way to feeding grounds [21] , and since our results are in line with previous studies, we conclude that CLC is suitable for analysing land cover surrounding road-killed European hares over large geographic areas. Additionally, analysing surrounding landscapes of road-killed hares in a study area of almost 20,000 km 2 would be impossible without CORINE data, and it is the most detailed open access data on land cover available. Indeed, other citizen science studies used CLC in combination with different species ranging from insects to birds [40] [41] [42] [43] . Another promising dataset based on citizen science would be land cover classification in OpenStreetMap, but unfortunately only 27% of Austria is mapped until summer 2016 [44] .
Our results based on manually mapping forests, hedges, and solitary trees showed no significant differences. We recommend using remote sensing in combination with, for example, conventional habitat classification via plant species mapping on local scales to look for influences of surrounding land cover on high-resolution.
Consequences of the Citizen Science Road-Kill Reporting System
The comparison of hunter and citizen data on road-killed hares in our pilot area indicates that we have to include the social or demographic background of our participants in our road-kill reporting system. Since our results show that different groups report slightly different data on the same research object, merging the background and motivations of project participants with ecological data could lead to a better understanding of road-kill patterns based on citizen science projects. Others [45] have shown that effort data are especially important when analysing citizen science data on a landscape scale, because without effort data, it is difficult in species monitoring to distinguish between bias in sampling effort and species occurrence. Implementing effort data in data mining models and similar techniques can be helpful to reduce observer bias in large-scale ecological data [46, 47] . Our findings suggest that citizen science is suitable for monitoring animal road-kills, and consequently support previous studies [8, 14, 48] . Official reportings of road-kills are indispensable, because they cover different regions than citizen scientists. However, these official data are often not geo-referenced, making citizen science data more suitable for the analysis of ecological interactions between surrounding landscape structure and road-kills on a large scale. One key advantage of citizen science road-kill projects is that roads are easily accessible to the public, thus avoiding spatial bias in citizen science projects beforehand [39] . Using citizen science produces other challenges in road-kill monitoring, such as building a social network, preparing educational materials, designing and maintaining adequate reporting systems, and rigid data verification [12] . Some recommendations of how to set up a citizen science road-kill observation system are continuous inclusion of broad participant types, use of standardized data collection methods, or establishing extensive social networks [12] .
We are currently collecting data on a large scale with apps for smartphones and a new designed project website (www.roadkill.at/en) using a simplified reporting form. Our future challenges will be to implement some of the recommendations discussed above and add the option of a targeted monitoring with hypotheses testing [49] . Additionally, we strive to standardize road-kill data collection in Austria and convince professionals (e.g., hunters and road administrators) to use one geo-referenced reporting system.
As citizen science is critically viewed in the scientific community due to possible biases in data collection [49, 50] , it is important to demonstrate that it seems very promising in the collection of robust road-kill data [14, 48] . Furthermore, citizen science data can raise public awareness on accident risks and related biodiversity concerns, but it should be used as complement to official reports rather than as a replacement [51] .
Conclusions
In our study, significant differences in landcover classes and surrounding road networks indicate that hunters' and citizen science data are indeed different. We conclude that different data sources can influence the results of road-kill studies. This is especially important for citizen science projects in which participants with very diverse backgrounds report data. Additionally, thinking of nationwide road-kill reporting systems with different data sources, we recommend the inclusion of the social or demographic background of reporters. Further research is needed on what factors affect data quality in citizen science road-kill projects, and particularly how different participants influence datasets.
